Abstract. As one of the most critical stages of CG (Computer Graphics) industry, CG design & production needs the support of professional knowledge and practice experience of multidisciplinary. With the outstanding performance in knowledge sharing, integration and reuse, knowledge modeling could increase greatly the efficiency, reduce the cost and avoid repeated error in CG design & production.
Introduction
CG (Computer Graphics) animation is a kind of film designed and produced mainly by computer. CG animation is an important media product, which is of great need in film industry, industrial products propaganda, education and some other fields. As one of the most critical stages of CG industry, CG design & production involves script design, 3D modeling, scene rendering, road planning and so on. Characterized by high density of knowledge and innovation, CG design & production needs the support of professional knowledge and practice experience of multidisciplinary. CG design & production is the process to transform the customer requirements into CG animation by related personnel (shown in Figure 1 ). A great deal of knowledge would be generated during this process, such as story, story board, scripts, modelling skills, parameters setting methods and so on. 
Related works
Ontology is a philosophy terminology referred to the ultimate physical phenomenon which states philosophical theories.
In the realm of knowledge engineering, there are no universal definition of Ontology. The most famous one is defined by Gruber--"Ontology is a description of the concept of shared conceptualization" [2] . Ontology is studied and applied in many aspects, such as geographical area [3] , biological and medical field [4] [5] , assembling process domain [6] [7] , service area [1] and so on.
The work of movie Ontology building is really great in progress. Some famous knowledge databases such as LinkedMdb, Freebase and so on, have been built on the open datacloud [8] . Wang [8] proposed a method to construct Bilingual Movie Knowledge Graph. However, these knowledge databases focus on film information about actors, audience, production companies and so on. Little knowledge about the design & production is involved.
Most Ontology researches about design & production were carried on tangible products [9] [10] [11] . Zhou et al.
[9]proposed a modeling method of Diesel Ontology Model for Multidisciplinary Optimization Process, and solved the problems that sematic of information model was simple and information could not be inherited shared. However, as film, CG design & production needs a lot of unstructured description information. Thus the method of tangible products design & production knowledge building could not be used in CG directly.
CG design & production process analysis
CG design & production is the process to transform the customer requirements into CG animation by related personnel. A great deal of knowledge would be generated during this process. The detailed procedures are outlined in Figure 2 . Story, story board, checking video, script and other kind of knowledge are generated in the design stage, while 3D model, camera layout, lighting layout, background materials are generated in the production stage. Besides, modelling skills, GCMM matecconf/201 41 parameters setting methods and other tacit knowledge will be generated during the whole process. The above mentioned knowledge constitutes the knowledge system of CG design & production process. 
Ontology modelling for CG design & production process
The domain Ontology of CG design & production process is the base model for the classified knowledge. Ontology model could be constructed by two methods -manual modeling and computer modeling. One the one hand, manual modeling is excellent in recognizing important concepts by experts due to the comprehensive property of human, while prone to omitting some details. On the other hand, computer modeling performed well in dealing with mass data, but can't summarize. An integrated method of Top-down mainly by manual and Bottom-up mainly by computer is adopted to construct Ontology model.
Domain Ontology
The domain Ontology of CG design & production process is denoted by a five-element model OCG={C, R, P, A, I}. C is the set containing all the concepts related in CG design & production process. Some main concepts and their hierarchical level in C is shown in Figure 3 (a) . R represents the relationships among these concepts, containing parent-child GCMM matecconf/201 41 relationship, whole-part relationship, object-attribute relationship and so on. The relationship is-a shown in Figure 3 (a) is a kind of parent-child relationship. As shown in Figure 3 ( P represents the set of properties, used in depicting the concept. A is the Axioms defined on ∑O CG (where ∑O CG =C R) depicting all the rules within this field. Axiom could put constraints on other concepts and properties. Take the concept software rule for example, it could be defined by the natural language as 'the software rule is used to select software'. This definition can be decomposed into two: (1) a software rule is a rule, and (2) this rule is used to select software. This concept could be expressed as follow axiom:
I represents the set1 of all the instances of C.
Application Ontology 1-domain knowledge
The application Ontology for domain knowledge is shown in Figure 5 . Some main concepts and the hierarchy relationship among them are shown in Figure 5 
Application Ontology 2-process knowledge
The process knowledge is the integration of all the interactive activities performed during the CG design & production process. The main ontologies are shown in Figure 6 . The Ontology activity represents all the activities accord in the CG design & production process, which could be refined into publicActivity and privateActivity. The Ontology publicActivity signifies the activities occurred on the level of organizations, containing taskPlanning, taskDecomposing, taskRealizing, taskResultReducing. requirementAnalysis is the sub-class of taskPlanning. The Ontology privateActivity signifies the activities occurred on the level of individuals, containing designProcessActivity and designRationalActivity. designRationalActivity contains four thinking activities: convergent thinking activities, generative thinking activities, analytical thinking activities and synthesis thinking activities. 
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Based on animation script, the CG design task model is proposed to drive the organization and management of different knowledge involved in CG design & production.
